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the localization of components of the LD (Bilder et al.,Epithelial Polarity in Flies:
2003; Grawe et al., 1996). It is also known that, in LDMore Than Just Crumbs mutants, all membrane domains are affected in late gas-
trulation (Bilder and Perrimon, 2000). These results imply
the existence of two distinct developmental phases dur-
ing which the activity of the different protein complexes
The plasma membrane of polarized epithelial cells is is needed. The Baz complex and ZA complexes are
composed of different domains, which are associated required during early gastrulation, while components of
with specific protein complexes. Recent studies in the Crb complex and the LD are required only later,
Drosophila shed new light on the functional interac- during ZA maturation.
tions of these protein complexes during epithelial dif- Tanentzapf and Tepass make the interesting observa-
ferentiation in embryogenesis. tion that embryos carrying mutations that affect polarity
during ZA maturation, such as crb or lethal giant larvae
(lgl), recovered regions of fully polarized ectodermalMany functions of epithelia rely on the apical-basal po-
cells, while embryos carrying mutations that affect earlylarity of their individual cells. This polarity depends on
stages of polarization, like baz, did not. These findingsa set of intercellular connections, often organized as
together with similar data from Bilder et al. demonstratecell junctions, such as tight junctions and the zonula
that cell polarization can occur even in the absence ofadherens (ZA), which encircle epithelial cells at the bor-
AD proteins, like Crb, or LD proteins, like Lgl or Scrib.der of the apical and basal-lateral membrane domains.
What are the components of this salvage pathway? InThe plasma membrane of an epithelial cell can therefore
a genetic screen for modifiers of a misexpression pheno-be envisaged as a mosaic of distinct membrane domains
type of Crb in the eye, Tanentzapf and Tepass identifyharboring different protein complexes. Functional ge-
lgl as a strong enhancer of the Crb gain-of-functionnetic studies in Drosophila revealed essential molecular
phenotype. Furthermore, mutations in LD proteins, suchcomponents of these protein complexes, like the trans-
as discs large (dlg), lethal giant larvae (lgl), and scrib,membrane protein Crumbs (Crb) in the apical domain
strongly suppress the embryonic crb phenotype (Bilderand the membrane-associated protein Scribble (Scrib)
et al., 2003; Tanentzapf and Tepass, 2003). Two impor-in the lateral domain (Bilder and Perrimon, 2000; Tepass
tant conclusions can be drawn from these results: (1)et al., 1990). Two recent papers in Nature Cell Biology
epithelial polarity can be established in the absence ofdemonstrate that these protein complexes, although
Crb or Sdt, and (2) this Crb-independent pathway isspatially separated, do communicate (Bilder et al., 2003;
negatively regulated by LD proteins. Although the natureTanentzapf and Tepass, 2003).
of the Crb-independent pathway is unknown, an earlierIn Drosophila embryos, the primitive blastoderm epi-
study indicated that components of the AD, namely, baz
thelium progressively matures to the polarized ectoderm
and stardust (sdt), act redundantly in early stages of ZA
epithelium with a set of typical invertebrate junctions,
formation (Mu¨ller and Wieschaus, 1996). Therefore, the
such as the ZA and septate junctions (see Figure; re- second pathway might involve the Baz complex, which
viewed in Tepass et al., 2001). During gastrulation, the is required for assembly of the incipient ZA at the begin-
incipient ZA of the blastoderm epithelium matures to the ning of gastrulation, when Crb and Sdt proteins levels
ZA, and two additional membrane domains, an apical are barely detectable. In the model presented by Bilder
domain (AD) and a lateral domain (LD), are established. et al., Baz is first required for assembly of the incipient
Each of these membrane domains contains a separate ZA, while the Crb complex acts subsequently during
set of membrane-associated proteins, which are often apical/basal-lateral surface polarization. This polarizing
part of larger protein complexes (see Table). Some AD activity of the Crb complex might involve maturation of
proteins, like Crb, accumulate in a region apical to the the ZA by antagonizing LD complex function.
ZA, called the subapical region (SAR), or the marginal The biochemical nature of the observed genetic inter-
zone (Tepass et al., 2001). action of AD and LD protein complexes remains ob-
The paper by Bilder et al. extends earlier observations scure. A recurring theme in the interaction within each
showing that embryos mutant for proteins of a particular of these protein complexes is the PDZ domain, which
membrane domain exhibit characteristic phenotypes allows specific interactions of a particular panel of pro-
(see Figure). These authors show that mutations in ZA- teins (Hung and Sheng, 2002). Both LD and AD com-
resident proteins, like armadillo (arm), affect the localiza- plexes contain many potential binding sites for addi-
tion of AD components, but not of LD proteins, like Scrib tional proteins; Scrib, for example, contains four PDZ
(Bilder et al., 2003). Previous work demonstrated that domains. Besides scaffolding proteins, few proteins
mutations for AD proteins may be grouped in two with potentially regulatory functions have been identi-
classes. Mutations affecting the Bazooka (Baz) complex fied in these proteins complexes. In the present context,
disrupt the formation of the incipient ZA and lead to Lgl is probably one of the most interesting ones because
severe abnormalities of epithelial polarity during early mutations in the yeast homologs Sro7/77 exhibit defects
gastrulation (Mu¨ller and Wieschaus, 1996). In contrast, in exocytosis (Lehman et al., 1999). In addition, it is
mutations of the Crb complex affect the formation of possible that the protein complexes are not exclusive
but that functionally important proteins segregate intothe ZA and AD during late gastrulation and do not affect
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Polarization of the Drosophila Ectoderm in
Wild-Type and Mutant Situations
In the wild-type, a dense apical array of spot
adherens junctions, the incipient ZA, is
formed during early gastrula stages and ma-
tures during gastrulation. After gastrulation,
a continuous ZA surrounds each cell in the
apical region, which is delimited by a special
part of the apical domain, the subapical re-
gion, and by the lateral domain. During later
development this simple epithelium matures
into a typical invertebrate epithelium, with ZA
and septate junctions. In mutants for AD pro-
teins of the Baz complex, formation of the
incipient ZA is already compromised, and,
during ZA maturation, the polarity of the cells
is completely lost. In AD mutants of the crb
complex, formation of the incipient ZA is nor-
mal, but ZA maturation is blocked. Localiza-
tion of LD proteins is normal in crb mutants,
and, during epithelial maturation, formation
of polarized cells can occur to some extent.
Mutants for LD proteins, e.g., scrib, affect ZA
maturation and block the separation of mem-
brane domains. Similarly to crb mutants, LD
mutant epithelia, except lgl, are able to form
polarized cells, which, however, lack septate
junctions.
one or the other complex, depending on posttransla- DaPKC activity, as well as its phosphorylation targets,
remain elusive. Identification of the molecular compo-tional modifications within the complex. DaPKC is an
excellent candidate for modifying the state of AD pro- nents of epithelial membrane domains in conjunction
with the biochemical analysis of interactions betweenteins (Wodarz et al., 2000). The signals that regulate
Membrane Domains and Core Protein Complexes
Membrane Domain Proteins Characteristics
Apical (AD) Bazooka (Baz) PDZ domains
Baz complex DaPKC Protein kinase
PAR6 PDZ domains
Crb complex Crumbs (Crb) Transmembrane protein
Stardust (Sdt) MAGUK protein
Zonula adherens (ZA) DE-cadherin Cadherin-catenin adhesion system
D-catenin
Armadillo (Arm)
Lateral (LD) Discs large (Dlg) MAGUK protein
Lethal giant larvae (Lgl) WD40 repeats, myosinII/SNARE binding
Scribble (Scrib) PDZ domains, Leu-rich repeats
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proline-rich domain, suggesting that WASP is bindingThe Immunological Synapse
to a membrane-proximal SH3-containing protein (Can-and Actin Assembly: non et al., 2001). Upon plasma membrane recruitment,
WASP is thought to be activated by binding to Cdc42-A Regulatory Role for PKC
GTP. This interaction most likely induces a conforma-
tional change in WASP that allows its C-terminal acidic
domain to bind and activate the Arp2/3 complex of actin
nucleating proteins (Thrasher, 2002). To prevent actin
polymerization in the absence of TCR engagement,Engagement of the T cell receptor leads to the accu-
WASP activity must be tightly controlled. WASP inter-mulation of filamentous actin, which is necessary for
acting protein, WIP, controls actin polymerization in twothe formation of the immunological synapse and sub-
ways: it keeps WASP in an inactive conformation thatsequent T cell activation. In the December issue of
prevents it from binding to Arp2/3, but it also binds andMolecular Cell, Sasahara et al. provide new insights
stabilizes actin filaments (Martinez-Quiles et al., 2001).into the link between the T cell receptor and actin
Although actin remodeling is important for T cell acti-assembly in the immunological synapse, and reveal a
vation, the exact nature of the link between the TCRcritical regulatory role for PKC in this process.
and the actin cytoskeleton is not known. In the Decem-
ber issue of Molecular Cell, Sasahara and colleagues
When a mature T cell encounters an antigen-presenting
now identify CrkL as a protein that could make the link
cell (APC), the sequential engagement of adhesion re- between the TCR and the WIP-WASP complex (Sasa-
ceptors and of the T cell receptor (TCR) with MHC- hara et al., 2002). It is well established that TCR engage-
peptide complexes on the surface of the APC initiates ment leads to the rapid tyrosine phosphorylation of the
the formation of a specialized cell-cell junction that is cytoplasmic portions of the TCR-associated CD3 chains,
called the immunological synapse (IS) or the supramo- and the subsequent recruitment of ZAP-70, a tyrosine
lecular activation cluster (SMAC). The actin cytoskeleton kinase that plays a central role in controlling down-
plays a critical role in this process, both for the molecular stream TCR signaling events. The molecular link be-
segregation of the T cell surface receptors and for the tween tyrosine-phosphorylated ZAP-70 and the WIP-
spatial organization of intracellular signaling compo- WASP complex, the authors reasoned, was likely to be
nents (Dustin and Cooper, 2000). The actin cytoskeleton made by an SH2- and SH3-containing adaptor protein
may also be involved in the recruitment and enrichment, such as Crk or the Crk-like protein, CrkL. Consistent with
within the IS, of lipid rafts, specialized membrane micro- this idea, tyrosine-phosphorylated ZAP-70 was found to
domains enriched in saturated lipids and cholesterol bind to the recombinant SH2 domain of CrkL, and CrkL’s
that are important for T cell activation (Viola, 2001). SH3 domain, in turn, bound (constitutively) to a region
The Wiskott-Aldrich syndrome protein (WASP) plays within WIP containing two typical PxLPxK/R consensus
an essential role in controlling TCR-induced actin nucle- SH3 binding sites. By coimmunoprecipitation experi-
ation and polymerization, and more generally in the reg- ments from lysates of unstimulated versus activated T
ulation of cytoskeletal rearrangements important for he- cells, the authors go on to demonstrate TCR triggering-
matopoietic cell function (Thrasher, 2002). Mutations in dependent recruitment, via CrkL, of a preformed CrkL-
the WASP-encoding gene result in Wiskott-Aldrich syn- WIP-WASP complex to ZAP-70. Moreover, WIP and
drome, an X-linked recessive disease characterized by WASP were found to translocate to lipid rafts and to
immune disregulation and platelet disorders (Thrasher, enrich in the IS in a ZAP-70- and CrkL-dependent
2002). Several recent studies have addressed the molec- manner.
ular mechanism by which TCR triggering activates Recruitment of the WIP-WASP complex via ZAP-70
and CrkL is an attractive possibility, but it may not beWASP. WASP recruitment to the IS is dependent on its
